Abstract
Background
For many decades, surgical aortic valve replacement (SAVR) was the recommended treatment for severe aortic valve stenosis [1] ; mechanical or bioprosthetic valves have been the mainstream options [2] , but these preferences have changed as transcatheter aortic valve replacement (TAVR) became the treatment of choice for patients with severe aortic stenosis, who are either inoperable or at high surgical risk [3] . Recently, Englum et al. [4] concluded that significant changes in the risk profiles of SAVR patients could be expected with the introduction of TAVR programs.
Diabetes mellitus adversely affects morbidity and mortality for major atherosclerosis-related cardiovascular diseases [5, 6] . Macro-and microvascular diseases are independently associated with the risk of major clinical microvascular events, major macrovascular events and death in patients with type 2 diabetes. The coexistence of these conditions is associated with the highest risks [7, 8] .
In patients with aortic stenosis, diabetes was found to be second only to hypertension as the medical condition most associated with this stenosis [9] . Larsson et al. [10] reported that type 2 diabetes mellitus (T2DM) is independently associated with an increased risk of aortic valve stenosis (HR 1.34; 95% CI 1.05-1.71).
However, the mechanism initiating calcific aortic valve disease in diabetes is not well understood [11] . Mosch et al. compared inflammation and calcification using immunohistochemistry and immunofluorescence staining of calcific aortic valve disease patients with and without diabetes. These authors found that calcification and early calcification markers were significantly elevated in diabetic patients, concluding that diabetic patients could be molecularly in a more advanced disease stage with a higher grade of mineralization than nondiabetic patients [11] .
Several studies have assessed the impact of diabetes on the outcomes of SAVR and concluded that T2DM is one of the predictors of poor outcomes after SAVR [12, 13] . Studies conducted in Spain and other countries have found that T2DM diabetic patients with aortic stenosis undergoing a valvular replacement procedure through SAVR or TAVR did not have higher mortality or complication rates than nondiabetic patients during hospitalization [14, 15] .
In addition, the conflicting results of published studies led to the current research.
Using the SNHDD, we aim in this study to (i) examine trends in the incidence, characteristics and inhospital outcomes of SAVR among patients with or without T2DM from 2001 to 2015; (ii) compare clinical variables in people with and without T2DM matched for implanted valve type, sex, age and year hospitalized for SAVR; and (iii) identify factors associated with IHM among patients with T2DM according to implanted valve type for SAVR.
Methods

Data source
This retrospective observational study was performed using the SNHDD. Details of the design and description of the SNHDD are available online. Briefly, this nationally representative database, which compiles all public hospital data, covers more than 95% of hospital admissions in Spain. The SNHDD includes patient variables (sex and date of birth), admission and discharge dates, up to 14 discharge diagnoses, and up to 20 procedures performed during the hospital stay [16] .
Patient population
We selected admissions of patients (aged ≥ 40 years) whose medical procedures included mechanical and bioprosthetic SAVR (ICD-9-CM codes: 35.21 and 35.22). Patients undergoing one or more additional cardiac procedures (defined as mitral, tricuspid or pulmonic valve replacement, repair or valvulotomy; replacement of the ascending aorta; closure of ventricular and atrial septal defects; ablation; and other rare procedures) were excluded. We collected data between January 1, 2001, and December 31, 2015.
We grouped admissions by diabetes status as follows: T2DM (ICD-9-CM codes 250.x0 and 250.x2) or no diabetes in any diagnostic position. We excluded people with type 1 diabetes mellitus (codes 250.x1 and 250.x3).
Covariates
Clinical characteristics included information on overall comorbidity at the time of discharge, which was assessed by calculating the Charlson Comorbidity Index (CCI) [17] . Logically, the calculation of the CCI was performed by excluding diabetes as a disease.
Other diagnoses included in the CCI for analysis were chronic obstructive pulmonary disease (COPD) (ICD- Regardless of the position in the procedure coding list, we retrieved data on the following in-hospital procedures: coronary artery bypass graft (CABG) (ICD-9-CM codes 36.10-36.19) and pacemaker implantation (ICD-9-MC codes 37.70-37.74 and 37.80-37.83).
We evaluated the mean length of hospital stay (LOHS).
Matching
In order to control the confounding effect of covariates and to assess the effect of T2DM on IHM and LOHS we tried to match each T2DM patients (n = 18,378) with a non-diabetic control. To do this we used the command CCMATCH of STATA 14.0. As matching variables we used; implanted valve type (mechanical or bioprosthetic), year of surgery, sex and year of birth. If more than one control was available for a case, the selection was conducted randomly. Doing this the program identified a non-diabetic control with identical age, sex, year of surgery and valves type for each diabetic patient. We could find 8814 non-diabetic controls for the 8835 diabetic patients who had undergone a mechanical SAVR (99.76%) and 9509 non-diabetic controls for the 9543 diabetic patients who had undergone a bioprosthetic SAVR (99.64%). As can be seen in Tables 2 and 3 However, beside the differences found, in our opinion, the very small proportion of cases that could not be matched (< 0.4%) is unlikely to affect our results.
End points
The main end points in our investigation were trends in the incidence rates of hospitalization and IHM in patients whose medical procedure was mechanical and bioprosthetic SAVR. IHM was defined by the proportion of patients who died during admission for each year of study.
Statistical analysis
To assess time trends, we estimated the incidence rates of admission for SAVR among T2DM and nondiabetic patients calculated per 100,000 individuals. We calculated T2DM-specific incidence rates by dividing the number of admissions per year, sex, and age group by the corresponding number of people in that population group using the age-and sex-adjusted estimated prevalence of T2DM obtained from National Health Surveys and based on data from the Di@bet.es Study, which estimated the prevalence of diabetes in the Spanish population [18, 19] . We also calculated incidence rates for nondiabetic patients by dividing the number of cases per year, sex, and age group by the corresponding number of people in that population group (excluding those with T2DM), according to the data from the Spanish National Institute of Statistics, as reported on 31 December of each year [20] . A descriptive statistical analysis was performed for all continuous variables and categories. Variables are expressed in proportions as means with standard deviations. A bivariable analysis according to year was performed using the χ 2 test for linear trend (proportions) and ANOVA (means), as appropriate.
To assess differences between patients with and without T2DM, for each year and for the total sample, the statistical tests conducted for continuous variables were the T test for normal distributions and the Mann-Whitney test for non-normal distributions; categorical variables were compared using the Chi square test, and adjusted incidences were compared using Poisson regression. Estimates correspond to incidence rate ratios (IRR) with 95% confidence intervals (95% CI).
We constructed bivariable conditional logistic regression models to compare the study variables between patients with T2DM and matched controls. The analysis was stratified according to the type of SAVR.
To identify variables associated with IHM as a binary outcome among all patients with T2DM before matching, we performed three logistic regression analyses, one for each type of SAVR (mechanical, bioprosthetic and both types). The variables included in the multivariable models were those with significant results in the bivariable analysis and those considered relevant in other investigations. The estimates correspond to odds ratios (ORs) with 95% CI.
All statistical analyses were performed with Stata version 10.1 (Stata, College Station, Texas, USA). Statistical significance was set at p < 0.05 (2-tailed).
Ethical aspects
The study maintained data confidentiality at all times. Given the anonymous and mandatory nature of the database, it was not necessary to obtain informed consent or approval from an ethics committee in accordance with Spanish legislation.
Results
In our study, we identified a total of 78,223 hospitalizations of patients aged 40 years or more who underwent SAVR in Spain (2001 Spain ( -2015 . Patients with T2DM accounted for 23.5% of the total population (10,629 men and 7749 women). Figure 1 shows the trends of SAVR in T2DM and nondiabetic patients in Spain between 2001 and 2015 according to valve type.
Among patients with T2DM, we found that the incidence of SAVR coding increased significantly from 28.99 cases in 2001 to 65.79 in 2015 per 100,000 individuals in the T2DM population. In patients without T2DM, the incidence of admissions also increased significantly over the study period. The incidence was significantly higher in people with T2DM than in nondiabetic people for all years analyzed and for the type of valve implanted. Using the Poisson regression model, adjusting for age and sex, we found that the incidence per population for SAVR was 2.60 times higher among patients with T2DM than among those without diabetes (IRR 2.60; 95% CI 2.56-2.65).
The incidence of mechanical SAVR among T2DM patients remained stable, with values oscillating between 20 and 28 cases per 100,000 individuals in the T2DM population from 2001 to 2015. The incidence of nondiabetic patients decreased significantly from 13.89 to 8.18 cases per 100,000 individuals in the non-T2DM population over the study period. The results of the Poisson regression models showed that the incidence per population for mechanical SAVR was 2.13 times higher among patients with T2DM than among those without T2DM (IRR 2.13; 95% CI 2.07-2.20).
Regarding bioprosthetic SAVR, the incidence was 8.29 and 4.68 in 2001 for patients with and without T2DM, respectively, and rose significantly to 41.74 and 12.01, respectively, in 2015. The incidence rate ratio (IRR) after adjusting for age and sex was 3.04 (95% CI 2.93-3.12). Table 1 shows the clinical characteristics and in-hospital outcomes of patients with or without T2DM who underwent SAVR.
The prevalence of T2DM among patients who underwent SAVR increased significantly (p < 0.001) from 16.7% in 2001-3 to 23.5% in 2012-2015.
In patients who underwent SAVR, there was a significant male predominance (57.84% for T2DM and 61.02% for no diabetes). Overall, patients with T2DM were older (71.88; SD = 7.71 years) than patients without diabetes (69.80; SD = 9.90 years) and had more coexisting medical conditions (mean CCI 0.74 ± 0.66 vs. 0.70 ± 0.63) (all p values < 0.05). Age and comorbidity increased significantly over time in both people with T2DM and those without diabetes. However, females were significantly more represented among patients with T2DM (47.65% in 2001-2003 vs. 39.29% in 2013-2015) .
Over the entire period, T2DM patients were more likely to receive bioprosthetic valves than non-T2DM patients (51.93% vs. 46.46%; p < 0.05), whereas patients without diabetes were more likely to receive mechanical valves (53.54% vs. 48.07%; p < 0.05). The proportion of (Table 1) . Tables 2 and 3 show the distribution and IHM according to the study variables of T2DM patients and matched nondiabetic controls who underwent mechanical (Table 2 ) and bioprosthetic valve replacement (Table 3) .
Patients with T2DM who underwent mechanical SAVR had significantly more comorbidity (mean CCI, 0.73 ± 0.66 vs. 0.71 ± 0.62, p = 0.033) and a higher prevalence of COPD (10.34% vs. 8.68%, p < 0.001), renal dysfunction (8.38% vs. 5.98%, p < 0.001) and coronary artery disease (41.76% vs. 29.03%, p < 0.001) than the control nondiabetic patients. However, patients with diabetes had a lower prevalence of occlusive peripheral arterial disease and atrial fibrillation ( Table 2) .
The use of concomitant CABG was higher in T2DM patients than in matched non-T2DM patients (28.06% vs. 19.13%, p < 0.001). The mean LOHS was higher in patients with diabetes (20.08 days vs. 19.1 days; p < 0.001).
No differences were found for IHM between patients with T2DM and matched non-T2DM controls who underwent mechanical valve procedures, with rates of 7.11% and 7.77%, respectively.
Patients with T2DM who underwent bioprosthetic SAVR had higher values of CCI (0.74 ± 0.67 vs. 0.71 ± 0.64, p = 0.011) and a higher prevalence of renal dysfunction (11.84% vs. 8.18%, p < 0.001) and coronary artery disease (44.93% vs. 34.38%, p < 0.001) than non-T2DM controls. However, T2DM patients had a lower prevalence of occlusive peripheral arterial disease and atrial fibrillation (9.94% and 32.85%, respectively vs. 13.02% and 37.24%, all p < 0.001). The use of concomitant CABG was higher in T2DM patients than in matched non-T2DM patients (31.09% vs. 24.28%, p < 0.001).
As shown in Table 3 , we found that IHM was higher in matched nondiabetic patients (6.04%) than in patients with T2DM (4.77%) (p < 0.001).
When we compared T2DM patients who underwent mechanical SAVR with patients with T2DM who underwent bioprosthetic SAVR, we found that the first group of patients were younger (68.65 years vs. 74.86 years; p < 0.001) and more likely to have coronary artery disease (44.93% vs 41.76%; p < 0.05) and to require concomitant CABG (31.09% vs 28.06%; p < 0.05). T2DM patients who received mechanical valves had a longer LOHS (20.08 days vs. 18.16 days; p < 0.05) and a higher IHM (7.11% vs. 4.77%; p < 0.05) than T2DM patients who received bioprosthetic valves. Table 4 shows the results of the logistic regression analysis to identify the factors independently associated with IHM in T2DM patients according to the type of SAVR.
Among T2DM patients who underwent mechanical SAVR, IHM was significantly higher in women (OR 1.47; 95% CI 1.24-1.74), older subjects (OR 2.83, 95% CI 1.44-5.56 for ≥ 85 years old vs. < 40-64 years old), individuals with more comorbidities according to the CCI (vs. no comorbidities, OR 4.50, 95% CI 3.61-5.61 for ≥ 2 comorbidities) and patients with concomitant CABG (OR 1.27, 95% CI 1.06-1.52).
As shown in Table 4 , female sex (OR 1.29, 95% CI 1.06-1.57), concomitant CABG use (OR 1.30, 95% CI 1.06-1.59) and comorbidities increase the risk of IHM in patients with T2DM with bioprosthetic SAVR.
Finally, after multivariable adjustment, mechanical valves SAVR was associated with a significantly higher IHM (OR, 1.66; 95% CI 1.45-1.90) among T2DM patients than among those who underwent bioprosthetic SAVR in our study.
Discussion
The main result of our investigation is the great increase in the number of T2DM patients who underwent SAVR in Spain from 2001 to 2015.
In Spain, the prevalence of T2DM among patients undergoing SAVR increased from 16.7% to 23.5% over the study period (2001-2015). Brown et al. described changes in the isolated aortic valve replacement population over 10 years in the Society of Thoracic Surgeons National Database [21] . These authors found that the [24] . The expected aging of the Spanish population will surely result in an increase in the prevalence of T2DM patients among those undergoing SAVR in the next decade [14] . The global increase in SAVR incidence is consistent with the trend observed in other European countries [25, 26] . A large study based on national registry data in the Netherlands showed that SAVR was more than twice as high in 1995 compared with 2010 [26] . The authors concluded that this trend can partly be attributed to an increased prevalence of valvular heart disease and an increasing proportion of diseased patients diagnosed as such. Because the mean age of the patients has risen, both factors are likely to have played an important role [25, 26] .
Studies from the USA between 2003 and 2015 using the Nationwide Inpatient Sample and data on Medicare beneficiaries showed that the utilization trends of SAVR rose constantly [22, 27] . Culler et al. described that the number of Medicare beneficiaries undergoing SAVR with tissue or mechanical valves grew at a 3.1% compounded annual growth rate from 2009 to 2015 [22] .
We found that the incidence rates of hospitalization of SAVR in patients with T2DM were higher than those in patients without T2DM. Furthermore, the use of SAVR has doubled among T2DM patients. This finding could be due to several factors, such as advanced age and a high index of comorbidities, leading to an increased risk of hospitalization for T2DM and SAVR [12] . In addition, improvements in treatment in terms of short-term and long-term complications have broadened the indication for surgery over the years [28] .
Brennan et al. suggested that there is a chance that the increase in overall aortic valve replacement volume is the result of increased diagnosis and consequent referral of high-risk patients with symptomatic aortic valve stenosis, yet it is possible that the introduction of TAVR led to increases in the treatment of lower risk patients or, alternatively, very high-risk patients who may or may not derive therapeutic benefit [29] . Silaschi et al. agreed that the introduction of TAVR may have led to an increased overall caseload of procedures performed on the aortic valve, suggesting a high-level recruitment phenomenon [23] .
Several studies have analyzed the effect of TAVR introduction on the use of SAVR, with contradictory results [4, 22, 23, 29, 30] . As mentioned before, in the United States, the overall SAVR volumes seem to have risen modestly since the approval of TAVR [4, 22, 29] . In Europe, where TAVR was started years earlier, the number of SAVRs has remained stable or slightly declined, while TAVR utilization has increased constantly since its introduction [22, 30] .
The introduction of TAVR seems to have affected the number of SAVRs in Spain among T2DM patients [14] . As shown in Fig. 1, since 2013 , the incidence of this procedure has remained stable, with rates of 64.75 (n = 1726), 65.81 (n = 1746) and 65.79 (n = 1707) cases per 100,000 individuals in the T2DM populations for 2013, 2014 and 2015, respectively. The future use of SAVR among diabetic patients will be influenced by the clinical results of TAVR when patients with moderate surgical risk undergo this technology. Thus far, the outcomes with TAVR in T2DM patients are conflicting in published reports [31] [32] [33] . In a recent sub-analysis of the Placement of Aortic Transcatheter Valves clinical trial, mortality after 1 year follow-up was higher in non-T2DM individuals [31] . However, a German study found that T2DM patients undergoing TAVR had a worse prognosis with higher short-and long-term mortality [32] .
In Israel, 443 patients (35.6% suffering diabetes) with severe aortic stenosis receiving TAVR were followed for two years, and the study revealed that diabetes was not associated with increased mortality [33] .
As we expected, a substantial reduction in the rate of implanted mechanical valves was observed, and we found an increase in the use of bioprosthetic valves. A study using the National Inpatient Sample (NIS) found an increase in the use of bioprosthetic valves from 37.7% in 1998-2001 to 63.6% in 2007-2011. These authors found that patients with diabetes received more bioprosthetic valves than mechanic valves (23.7% vs. 21.0%), possibly because of their higher age [34] . This trend has also been reported in other studies conducted in Europe and the USA [23, [25] [26] [27] 35] , and these results suggest improved durability of biological prostheses, fewer neurological and functional complications and avoidance of permanent anticoagulation [23, 36] .
Lastly, technological advances such as the valve-invalve transcatheter procedure have provided new alternatives to reoperations in biological prostheses [26] .
As in the general population, T2DM patients with coronary artery disease, atrial fibrillation and renal failure are more likely to receive bioprosthetic than mechanical valves [34] . Age plays a greater role in bioprosthetic valve selection for patients with comorbidities than for those without, with a notably greater role for coronary artery disease patients requiring revascularization [34] . We observed that valve choice in T2DM is influenced by age, with most patients aged > 74 years receiving bioprosthetic valves and patients with a mean age of 68.65 years receiving mechanical valves.
We found that the IHM of all types of SAVR has decreased significantly over the last 15 years in both patients with T2DM and those without T2DM. Siregar et al. [26] found that IHM for SAVR with or without CABG decreased significantly from 3.5% in 2007 to 2.4% in 2010. A similar trend was found for operative mortality in most other studies and databases, which could reflect a combination of improved health care in general, more healthy aging and gradual improvements in cardiac surgery over time [21, 22, 25] .
We propose that in our country, the introduction of TAVR may have had a beneficial influence on the mortality rate of SAVR by subjecting more patients with high-risk T2DM to TAVR instead of SAVR. In a recent report from the Spanish National Society of Cardiology evaluating heart interventions from 2010 to 2015, 73.2% of patients undergoing TAVR were not elected for SAVR and were at very high surgical risk [37] .
Our results show that T2DM patients have lower (bioprosthetic) or similar (mechanical) mortality after SAVR than do nondiabetic patients. Halkos et al. [12] found that diabetes was not a predictor of IHM (OR, 0.86; 95% CI, 0.49-1.50). The lower IHM in T2DM patients undergoing SAVR compared to that in nondiabetic patients might be multifactorial. Obesity is more prevalent in T2DM patients undergoing SAVR, and this effect might have contributed to the decrease in IHM previously mentioned [14, 38] .
In our study, aortic valve replacement in T2DM patients with a bioprosthetic valve, compared to those with a mechanical valve, was associated with lower IHM, which is consistent with observational evidence [34, 39] . In the general population, bioprosthetic valves are associated with lower IHM than mechanical prostheses are, which come at the cost of slightly higher rates of in-hospital complications [34] . Du et al. [39] examined 66,453 Medicare beneficiaries aged > 65 years who underwent SAVR between 2006 and 2011 and found that the risk of death on the date of surgery was 60% higher for mechanical-valve recipients than for bioprosthetic-valve recipients. Isaacs et al. [34] found higher IHM among patients who received mechanical valves (5.2%) than among those with bioprosthetic valves (4.4%).
Female sex and more comorbidities are factors associated with IHM in patients with T2DM. In agreement with these findings, a study using NIS data from 166,809 patients who underwent SAVR between 2003 and 2014 found that IHM was significantly higher in women than in men (5.6% versus 4%) [27] . The onset mechanism for cardiovascular disease, the delayed presentation of valve problems and/or the later referral of women to cardiothoracic surgery may explain some of the differences in risk profile [40] . This worse result after SAVR among women calls for urgent investigations to identify and reduce these significant differences.
Diabetes is a predictor of long-term mortality for patients having SAVR and CABG [41] . In our study, we found significantly higher IHM in T2DM patients with concomitant CABG, independent of the type of valve used, than in T2DM patients without this procedure.
There are some points that should be taken into consideration when interpreting the results of the present study. Our data source was the SNHDD, an administrative database that contains discharge data for hospitalizations in Spain and uses information that the physician has included in the discharge report [16] . Coding practices, as well as errors in coding, may differ between individual physicians and institutions. Thus, our results are subject to several potential biases, including differences in the capture of adverse outcomes across hospitals or even diabetes diagnosis during the study period.
Our findings are limited by the lack of data on some relevant clinical parameters, such as glycosylated hemoglobin measurement, which did not have blood glucose levels to evaluate the degree of control of diabetes during admissions, treatments during hospitalization or left ventricular ejection fraction. The absence of these parameters may affect the analysis and limit the generalizability of this study. We also lack information on diabetes duration, which has been associated with major adverse cardiovascular events in the presence of arterial disease [42] .
Despite these limitations, the quality and validity of our dataset have been assessed and determined to be useful for health research [43] .
Conclusions
In conclusion, our study reveals that the incidence of SAVR was higher in T2DM patients than in those without this disease and that it increases over time in both groups of patients. In both patient groups, mechanical SAVR decreased and the use of bioprosthetic valves increased over time. IHM decreased over time regardless of the existence or absence of T2DM, despite a concomitant increase in SAVR procedures during the same period. IHM was significantly lower in T2DM patients who underwent bioprosthetic SAVR. However, no differences were found in T2DM patients who underwent SAVR with mechanical valves. Higher mortality rates in T2DM patients were associated with female sex, the presence of comorbidities, increasing age (except in bioprosthetic valves) and concomitant CABG. Remarkably, IHM was higher among T2DM patients who underwent mechanical SAVR than among those who underwent bioprosthetic valves. However, given the methodological limitations of administrative data, more prospective investigations aimed at evaluating the influence of SAVR in T2DM patients with aortic stenosis are needed. 
